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FIGURE 1 Schematic illustration of the use of clustering to refine a transition pathway.
(Topographical map) Hypothetical free energy landscape. (Upper panel) Initial path (dashed line)
drawn from the minimum in the upper left to the basin in the upper right. Crosses represent structural
data present in snapshots taken from molecular simulations performed on this free energy landscape.
The density of crosses is greatest at the location of the free energy minima, which tend to give rise to a
larger number of structures that are similar to each other. The increased density of structurally similar
conformations at these locations can be identified by clustering the data. This information can then be
used to refine the route between the two states (lower panel) to more accurately describe a low free
energy transition pathway between them.
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In this study, Wang et al. (1) use molec-
ular simulations and free energy calcu-
lations to characterize the transition
pathway between open and closed
states in RNA polymerase II. This
important enzyme is responsible for
the majority of mRNA production in
eukaryotes. Wang et al. (1) studied
conformational changes of a regulatory
element in the enzyme known as the
trigger loop (TL). In response to nucle-
otide triphosphate binding, the TL
undergoes structural changes thought
to regulate the conversion between
open and closed conformational states
of the enzyme. Information from con-
ventional all-atom molecular dynamics
trajectories, Hamiltonian replica ex-
change simulations, and targeted
molecular dynamics were combined
to assemble a connectivity map of the
conformational transition (Fig. 1).
The authors find that with a cognate
nucleotide triphosphate present, the
closed TL conformation is energeti-
cally favored by ~2 kcal/mol over the
open conformation. This observation
indicates that the closing of TL should
be a spontaneous process under these
conditions. The authors also identify
key structural features of states along
the transition pathway. The potential
of mean force along the pathway fea-
tures a stable intermediate between
two transition states with significant
free energy barriers. The presence of
the stable intermediate raises the possi-
bility that partial rather than complete
opening may be sufficient to allowhttp://dx.doi.org/10.1016/j.bpj.2013.06.020
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during processive elongation. In this
case, it would only be necessary to
overcome one of the two barriers
observed for elongation to proceed.
This would suggest that the open state
is only attained during relatively rare
events, such as pausing or back-
tracking of the polymerase. However,
the authors note that conclusivelyanswering this question will require
additional studies.
One of the notable features of the
article is that the authors employ clus-
tering of the protein coordinates in
an innovative way to identify inter-
mediates along the transition pathway.
546 ThorpeIn this way, conformational minima
(which are by definition low free
energy states) are selected as locations
to help define the path rather than a
path being imposed based on an arbi-
trary reaction coordinate. Determining
relevant transition pathways for bio-
physical processes is an important
component of understanding how
these processes occur (2,3). However,
such efforts can be challenging and
methods to define transition paths
continue to be a highly active research
area (4,5). In many cases, pathway-
finding algorithms can be computa-
tionally demanding (6,7).
A benefit of the approach employed
by Wang et al. (1) is that it should have
modest computational cost because
clustering methods have undergone
significant algorithmic development
in recent years and employ sophisti-
cated techniques to reduce theirBiophysical Journal 105(3) 545–546computational expense (8–10). The
authors’ general approach could be
employed in a wide variety of contexts
and would be particularly useful in
complex systems where precisely
defining a reaction coordinate can be
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